The family Flavobacteriaceae, proposed by Jooste (1985) , presently contains more than 110 genera (http://www. bacterio.net), and is the largest family in the phylum Bacteroidetes (Bernardet & Nakagawa, 2006; Bernardet, 2011; McBride, 2014) . Members of the family Flavobacteriaceae appear to be abundant in polar or subpolar marine environments and numerous novel taxa in this family have been isolated from these environments (Brown & Bowman, 2001; Bano & Hollibaugh, 2002; Abell & Bowman, 2005; Bowman & Nichols, 2005; Bowman, 2006; Yu et al., 2012; Li et al., 2014; McBride, 2014) . During a study on the culturable bacterial diversity in Arctic samples, a yellow-pigmented flavobacterial strain, designated SM1212 T , was isolated from an intertidal sand sample. In this study, the new isolate was further taxonomically characterized by using a polyphasic approach and, based on the results, it is classified as the representative of a novel species in a new genus of the family Flavobacteriaceae.
The Arctic intertidal sand sample was collected from the littoral zone of Kongsfjorden, Svalbard. Bacterial strains were isolated from the sand sample using the standard dilution-plating technique. Briefly, 10 g of the sand sample was transferred into a 250 ml Erlenmeyer flask containing 50 ml sterile artificial seawater followed by shaking for 2 h at 15 8C at 100 r.p.m. The resulting suspension was serially diluted tenfold up to a dilution of 10 26 with sterile artificial seawater. A 100 ml aliquot of each dilution was plated onto 1/10 strength TYS agar [0.5 % tryptone (Oxoid), 0.1 % yeast extract (Oxoid), 1.5 % agar and artificial seawater] plates and incubated at 15 8C for 2-4 weeks. Morphologically different colonies were picked up and further purified by repeated streaking on the TYS agar. Artificial seawater was prepared with Sigma sea salts (3 %, w/v). Strain SM1212 T was cultivated on TYS agar or 3These authors contributed equally to this paper.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain SM1212 T is KF711856. The 16S rRNA gene of strain SM1212 T was PCR-amplified by using primers 27F and 1492R (Lane, 1991) from the genomic DNA extracted using a BioTeke bacterial DNA isolation kit. The resultant PCR product was ligated into the pMD19-T vector (TaKaRa) and sequenced using an Applied Biosystems 3730 DNA Analyser. The sequence obtained was subsequently used for searches against the GenBank database and EzTaxon-e database (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) using the BLASTN program (Altschul et al., 1997) . Pairwise sequence similarity values were computed through the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) based on the global alignment algorithm. Sequence alignments and phylogenetic analysis were performed using MEGA version 5 (Tamura et al., 2011) . Phylogenetic trees were reconstructed applying the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods in MEGA version 5. Bootstrap analyses were performed based on 1000 replicates (Felsenstein, 1985) . Evolutionary distances were calculated according to the Kimura two-parameter model (Kimura, 1980) . Cellular morphology and flagella formation were observed using atomic force microscopy (Multimode Nanoscope VIII; Bruker AXS) with cells grown on TYS agar at 20 8C for 4 days. Growth at 4, 10, 15, 20, 25, 30, 35, 40 and 45 8C was determined in TYS broth. The pH range (pH 5.0-10.0 at 0.5 unit intervals) for growth was measured in TYS broth at 20 8C. The pH of the medium was adjusted with 1 M NaOH or 1 M HCl and buffered by adding 50 mM MES, MOPS, Tris or CHES. The NaCl concentration range [0-5 % (w/v) (in 0.5 % increments) and 6-12 % (in 1 % increments)] for growth was determined in TYS broth with the modification that artificial seawater was replaced with distilled water containing appropriate amounts of NaCl. Anaerobic growth was checked in Hungate tubes in TYS broth supplemented with 0.1 % (w/v) potassium nitrate, 0.05 % (w/v) sodium sulfide and 0.05 % (w/v) cysteine hydrochloride.
The Gram reaction was determined using Hucker's method (Murray et al., 1994) and the KOH (3 %) lysis method (Buck, 1982) . Oxidase activity was tested using Bactident oxidase test strips (Merck). Catalase activity was examined by observing bubble production in 3 % (v/v) H 2 O 2 solution. Gliding motility was examined using the hanging drop technique and flexirubin-type pigments were detected using the KOH test (Bernardet et al., 2002) . Hydrolysis of starch, gelatin, and Tweens 20, 40, 60 and 80 was determined according to methods described by Smibert & Krieg (1994) . DNase activity was examined on DNase test agar (Oxoid). Disc diffusion antibiotic sensitivity testing was performed on TYS agar with discs (Oxoid) impregnated with various antibiotics (mg per disc, unless otherwise stated), including ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), novobiocin (5), penicillin G (10 U), polymyxin B (300 U), streptomycin (10), tetracycline (30), rifampicin (5), neomycin (30) and vancomycin (30). Other enzyme activities and biochemical characteristics were determined using API ZYM and API 20NE kits (bioMérieux).
Cellular fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the Sherlock MIS software (version 4.5 and the TSBA40 database). For the analysis, strain SM1212 T and the reference strain B. echini KCTC 22015 T were both cultivated in TYS broth at 20 8C for 3 days. Polar lipids were extracted using the methods described by Komagata & Suzuki (1987) , separated by two-dimensional TLC and further analysed by spraying the TLC plates with appropriate reagents, including ethanolic molybdophosphoric acid [10 % (w/v), total lipids], Zinzadze reagent (phospholipids) and ninhydrin (aminolipids) (Collins & Jones, 1980) . Quinones were extracted as described by Komagata & Suzuki (1987) and analysed using an LC-MS system consisting of a Dionex Ultimate 3000 HPLC machine connected to a Bruker Impact HD mass spectrometer. The genomic DNA G+C content of strain SM1212 T was determined by the thermal denaturation method (Marmur & Doty, 1962) with a Beckman DU800 spectrophotometer. Genomic DNA for the analysis was extracted using the method of Marmur (1961 . However, similarities with the type strains of other recognized species in the family Flavobacteriaceae were all below 95.0 %. In the neighbourjoining ( Fig. 1 ) and maximum-likelihood ( Fig. S1 , available in the online Supplementary Material) trees, strain SM1212 T occupied a separate branch within the cluster of the family Flavobacteriaceae, suggesting that it belongs to a genus distinct from all other known genera in the family Flavobacteriaceae.
The major cellular fatty acids (.5 %) of strain SM1212 T were anteiso-C 15 : 0 (16.0 %), iso-C 15 : 0 (14.2 %), iso- (6.5 %). The predominance of the above components in strain SM1212 T further supported its affiliation to the family Flavobacteriaceae because high levels of branched (saturated, monounsaturated or hydroxy) C 15 -C 17 fatty acids are prevalent in the family (Bernardet, 2011) . However, proportions of anteiso-C 15 : 0 and anteiso-C 15 : 1 A in strain SM1212 T were significantly higher than those in the closely related species examined (Table 1) . Polar lipids of strain SM1212 T included major amounts of phosphatidylethanolamine (PE) and one unidentified lipid (L1), moderate amounts of one unidentified phospholipid (PL), one unidentified lipid (L2), one aminophospholipid (APL) and two unidentified aminolipids (AL1 and AL2) and minor amounts of one unidentified aminolipid (AL3) and seven unidentified lipids (L3-L9) (Fig. S2) . The major respiratory quinone of strain SM1212 T was menaquinone MK-6, typical in the family Flavobacteriaceae (Bernardet, 2011; McBride, 2014) . The DNA G+C content of strain SM1212 T was 36.6 mol%, a value slightly higher than those of the type strains of closely related species (Table 2) but within the range for the family Flavobacteriaceae (27-56 mol%) (Bernardet, 2011) .
Cells of strain SM1212 T were non-flagellated Gramreaction-negative rods (Fig. S3 ). The strain was susceptible to ampicillin, chloramphenicol, erythromycin, novobiocin, penicillin G, tetracycline and vancomycin, but resistant to gentamicin, kanamycin, polymyxin B, streptomycin, rifampicin and neomycin. Anaerobic growth was not observed. Additional morphological, physiological and biochemical characteristics are given in the genus and species descriptions. Characteristics allowing the differentiation of strain SM1212 T from the type strains of closely related species, including colony colour, NaCl and temperature ranges for growth, hydrolysis of various substrates, API ZYM enzyme activities, antibiotic susceptibility and genomic DNA G+C content, are shown in Table 2 .
Thus, based on the results of phylogenetic analysis of the 16S rRNA gene sequence and chemotaxonomic and phenotypic characterizations for strain SM1212 T , it is considered to represent a novel species in a new genus within the family Flavobacteriaceae, for which the name Arcticiflavibacter luteus gen. nov., sp. nov. is proposed.
Description of Arcticiflavibacter gen. nov.
Arcticiflavibacter (Arc.ti.ci.fla.vi.bac9ter. L. adj. arcticus northern, arctic; L. adj. flavus yellow; N.L. masc. n. bacter rod or staff; N.L. masc. n. Arcticiflavibacter an arctic yellow rod).
Cells are Gram-reaction-negative, aerobic, non-flagellated rods. Predominant fatty acids include anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G, anteiso-C 15 : 1 A, iso-C 15 : 0 3-OH, C 17 : 0 2-OH and iso-C 17 : 0 3-OH. Major polar lipids include phosphatidylethanolamine and one unidentified lipid. The major respiratory quinone is MK-6. The genus belongs to the family Flavobacteriaceae in the phylum Bacteroidetes. The type species is Arcticiflavibacter luteus.
Description of Arcticiflavibacter luteus sp. nov.
Arcticiflavibacter luteus (lu9te.us. L. adj. luteus yellow, referring to yellow colour of colonies).
The description is as for the genus plus the following characteristics. Cells are catalase-and oxidase-positive, 0.9-2.0 mm long and 0.4-0.7 mm wide when incubated on TYS agar at 20 uC for 4 days. Flexirubin-type pigments are not produced. (Lee et al., 2014) ; 4, P. damuponensis F051-1 T (Lee et al., 2013) . Fatty acids amounting to ,1 % in all strains are not shown. The predominant fatty acids (.5 %) in each strain are shown in bold. TR, Trace amount (,1 %); 2, not detected. Gliding motility is not observed. Colonies are round (1-3 mm in diameter), yellow and convex with smooth surfaces after 3-5 days of incubation on TYS marine agar at 20 uC. Grows at 4-35 uC (optimum at 20-25 uC), at pH 5.5-9.0 (optimum at pH 6.5-7.0) and with 1.0-6.0 % (w/v) NaCl (optimum with 1.5 %). Hydrolyses starch, DNA and Tweens 20, 40, 60 and 80 but does not reduce nitrate to nitrite. Positive for aesculin hydrolysis, gelatinase, and assimilation of D-glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate, adipate and malate. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The polar lipid profile includes moderate amounts of one unidentified phospholipid, one unidentified lipid, one aminophospholipid and two unidentified aminolipids and minor amounts of one unidentified aminolipid and seven unidentified lipids.
The type strain is SM1212 T (5MCCC 1K00234 T 5KCTC 32514 T ), which was isolated from Arctic intertidal sand. The genomic DNA G+C content of the type strain is 36.6 mol%. Table 2 . Differential characteristics between strain SM1212 T and the type strains of related species
Strains: 1, SM1212 T ; 2, B. echini KCTC 22015 T (data from this study); 3, L. jangbogonensis PAMC 27137 T (Lee et al., 2014) ; 4, P. damuponensis F051-1 T (Lee et al., 2013) .+, Positive; 2, negative; NG, no growth. 
